We investigated the consequences of depolarizing the mitochondrial membrane potential (∆ψ mit ) on Ca# + signals arising via inositol 1,4,5-trisphosphate receptors (InsP $ R) in hormonestimulated HeLa cells. Carbonyl cyanide p-trifluoromethoxyphenylhydrazone (FCCP) or a mixture of antimycin Aj oligomycin were found to rapidly depolarize ∆ψ mit . Mitochondrial depolarization enhanced the number of cells responding to a brief application of a Ca# + -mobilizing hormone and prolonged the recovery of cytosolic Ca# + after washout of the hormone ; effects consistent with the removal of a passive Ca# + buffer. However, with repeated application of the same hormone concentration both the number of responsive cells and peak Ca# + changes were observed to progressively decline. The
INTRODUCTION
The bi-directional communication between mitochondria and many of the cellular mechanisms for increasing cytosolic Ca# + is well known [1] . Apart from shaping global Ca# + signals by acting as simple passive-uptake slow-release buffers in the bulk cytoplasm [2] , the close proximity of some mitochondria to Ca# + channels suggests that they can sequester the microdomains of Ca# + that emanate from the mouth of open channels [3, 4] . In this way, mitochondria have been shown to influence the positiveand negative-feedback loops that determine the extent and duration of global Ca# + signals. For example, mitochondria enhance ' capacitative ' Ca# + entry signals that are activated by Ca# + -store depletion by buffering Ca# + that enters the cell, and thereby preventing the Ca# + -dependent inhibition of the ' capacitative ' Ca# + entry channels [5] . Mitochondria also influence Ca# + release from intracellular stores, for example, via the inositol 1,4,5-trisphosphate receptor (InsP $ R). The effect of mitochondria on InsP $ -mediated Ca# + signals varies ; in some cases mitochondria exert a positive effect on Ca# + signalling [6] [7] [8] , a negative effect [9, 10] or both positive and negative effects [11] . There is also some evidence that mitochondria can act as active Ca# + -induced Ca# + -release stores [12] [13] [14] [15] .
Aside from these direct roles for mitochondria in Ca# + homoeostasis, they also play an indirect role in Ca# + homoeostasis via their generation of ATP. Many Ca# + transport mechanisms are regulated directly (e.g. Ca# + -ATPases), or indirectly (e.g.
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inhibition of Ca# + signalling was observed using different Ca# + -mobilizing hormones and also with a membrane-permeant Ins(1,4,5)P $ ester. Upon washout of FCCP, the Ca# + signals recovered with a time course similar to the re-establishment of ∆ψ mit . Global measurements indicated that none of the obvious factors such as changes in pH, ATP concentration, cellular redox state, permeability transition pore activation or reduction in Ca# + -store loading appeared to underlie the inhibition of Ca# + signalling. We therefore suggest that local changes in one or more of these factors, as a consequence of depolarizing ∆ψ mit , prevents InsP $ R activation.
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InsP $ Rs) by the ATP :ADP ratio. Mitochondria are also considered to play a central role in apoptosis [16] and to regulate the cellular redox potential [17] . Both apoptosis and cellular redox potential have profound effects on cellular Ca# + homoeostasis [18] .
Mitochondria possess several Ca# + transport mechanisms (for review see [19] ). Ca# + uptake is via a Ca# + uniporter in the inner mitochondrial membrane, the driving force for which is provided by the large transmembrane electrochemical gradient (mitochondrial membrane potential, ∆ψ mit ). The affinity of the uniporter for Ca# + is quite low, but sufficient to allow Ca# + uptake from Ca# + microdomains at sites of Ca# + release [3, 20] or influx [21] . The main Ca# + -efflux mechanisms are the Na + \Ca# + and H + \Ca# + antiporters [19] . When open, the mitochondrial membrane permeability transition pore (PTP) allows free diffusion of small ions and molecules across the inner mitochondrial membrane. However, due to the lack of concentration gradients across the inner mitochondrial membrane for most ions, the PTP is thought to be effectively Ca# + -specific, thereby acting as another Ca# + -efflux route [22] .
Since mitochondrial Ca# + uptake is dependent upon ∆ψ mit , agents that depolarize this transmembrane potential can specifically and completely prevent mitochondrial Ca# + sequestration. We have examined the effect of mitochondrial depolarization on hormone-and membrane-permeant Ins (1, 4, 5) 
Cell culture
HeLa cell culture was performed as described previously [23] . All subsequent experimental steps were carried out at room temperature (20-22 mC Cells were loaded with fura-2 by incubation in 1 µM fura-2 acetoxymethyl ester for 45 min followed by a 30 min de-esterification period. Coverslips were mounted on a Nikon Diaphot inverted microscope and imaged as described previously [23] . Briefly, this involved excitation with 340 and 380 nm light from twin monochromators ; the excitation wavelengths being switched with a rotating mirror chopper (Glen Creston Instruments, Stanmore, U.K.). Emitted light was filtered at 510 nm and collected with an intensified charge-coupled device (' CCD ') camera (Photonic Science, Tunbridge Wells, U.K.). The video signal was digitized, stored and subsequently processed off-line with an Imagine image-processing unit (Synoptics Ltd, Cambridge, U.K.). Ratio images were acquired at 2 s intervals and Ca# + cyt concentration was calculated as described previously [23] .
Fluo-3 was used to image Ca# + cyt in cells treated with antimycin A due to problems with high levels of autofluorescence at UV wavelengths. Cells were incubated in 2 µM fluo-3 acetoxymethyl ester for 45 min prior to a 45 min de-esterification period. The cells were mounted on a Nikon Diaphot inverted microscope and attached to a MIRACAL imaging system (Perkin Elmer Life Sciences, Cambridge, U.K.). The dye was excited at 490 nm and the green ( 520 nm) emission from the dye was imaged.
Cytosolic pH (pH cyt )
The dual-excitation, pH-sensitive dye, carboxy-seminaphthofluorescein-2, was used to image cytosolic pH. Cells were loaded with carboxy-seminaphthofluorescein-2 by incubation in 2 µM carboxy-seminaphthofluorescein-2 diacetate for 30 min and left to de-esterify for 30 min. The dual-monochromator-based imaging system described above was used to obtain ratio values every 2 s. Excitation was at 490 nm and 540 nm, and the red emission (605p25 nm) was imaged. The response of the dye to pH cyt over the range pH 6.6-7.8 was calibrated in situ using known pH buffers. The transmembrane pH was equilibrated using nigericin and high (140 mM) KCl over the extracellular pH range 6.6-7.8 [25] or application of 20 µM FCCP with high KCl at pH 6.8-7.8. To alter pH cyt , the extracellular medium (at pH 7.3) was supplemented with 16 mM propionic acid and 1 mM trimethylamine.
∆ψ mit
The ∆ψ mit was imaged with the lipophilic cationic probe 5,5h,6,6h-tetrachloro-1,1h,3,3h-tetraethylbenimidazol-carbocyanine iodide (JC-1) [26, 27] . JC-1 accumulates in the inner mitochondrial membrane and exists in two states : as green fluorescent monomers at low membrane potentials with an emission maximum at 530 nm and as orange\red fluorescing aggregates at high membrane potentials (emission maximum 590 nm). The orange\red fluorescence from this dye was used as an indicator of ∆ψ mit . Cells were loaded by incubation in 1 µM JC-1 for 15 min. The cells were mounted on a Nikon Diaphot inverted microscope and attached to a MIRACAL imaging system. The dye was excited at 490 nm and the red (605p25 nm) emission of the dye was imaged.
Cytosolic Mg
Magnesium has been imaged successfully as an indirect indicator of ATP concentration in several cell types [28] [29] [30] . As ATP falls, Mg #+ cyt levels rise because a large amount of cytosolic magnesium is bound to ATP and the affinity of Mg# + for ATP is approximately ten times higher than its affinity for ADP. Cells were loaded with Magfura-2 by incubation in 1 µM Magfura-2 acetoxymethyl ester for 45 min followed by a 30 min de-esterification period. Coverslips were imaged as for fura-2.
Oxidative activity
The non-fluorescent fluorescein derivative 5(6)-chloromethyl2h,7h-dichlorodihydrofluorescein diacetate (CM-H # DCFDA) is oxidized back to its fluorescent dye by some reactive oxygen species and has been used to monitor oxidative activity in various cells and tissues (Molecular Probes, Eugene, OR, U.S.A.). Cells were incubated in 25 µM CM-H # DCFDA for 20 min. The dye was excited at 495 nm and emission was monitored with a 515 nm long-pass filter.
RESULTS

Agonist-stimulated Ca 2 + mobilization is inhibited by mitochondrial depolarization
Treatment of intact HeLa cells with 2 µM FCCP or 10 µM antimycin Aj2 µM oligomycin reproducibly resulted in a rapid (half time approx. 1 min) and complete dissipation of the ∆ψ mit , as assessed by the drop in the orange\red JC-1 fluorescence . The latency, rise time and amplitude of the initial Ca# + signals in response to 2.5 µM histamine were the same in the presence or absence of 2 µM FCCP. However, the decay constant for recovery of the Ca# + cyt signal in the presence of FCCP was significantly decreased (3.9p0.1 s −" ; P 0.05 ; n l 140). In addition, there was a small but significant increase in the percentage of cells responding to the first 2.5 µM histamine dose in the presence of 2 µM FCCP (95p2 % ; P 0.05 ; n l 140). In contrast to the increased proportion of cells responding initially to histamine, mitochondrial depolarization significantly decreased the number of cells that responded to subsequent additions of histamine ( Figures 2B and 3A) . Mitochondrial depolarization similarly inhibited repetitive responses to other Ca# + -mobilizing agonists, such as ATP ( Figure 2C ).
To ensure that the effect of FCCP on histamine signalling was not due to a non-specific effect of FCCP chemistry, ∆ψ mit was also collapsed using respiratory chain inhibitors. The most effective was found to be 10 µM antimycin A in combination with 2 µM oligomycin. Similar to FCCP, there was a progressive reduction in the percentage of cells responding to repetitive applications of histamine ( Figure 3A) . Application of oligomycin (2 µM) without antimycin A did not inhibit histamine-evoked Ca# + signals (results not shown). Mitochondrial depolarization using FCCP had similar effects on cells stimulated with half-maximal (5 µM) or supra-maximal (100 µM) histamine concentrations ( Figure 3B ). Although with 100 µM histamine, no significant decline in the proportion of responsive cells was detected until the third application of histamine ( Figure 3B ). In addition to decreasing the number of responsive cells, mitochondrial depolarization decreased the amplitude of Ca# + signals in those cells that did respond to more than one agonist application ( Figure 3C ). The decrease in response amplitude was observed with both threshold (2.5 µM) and supra-maximal (100 µM) histamine concentrations ( Figure  3C ).
The gradual diminution of Ca# + signalling following mitochondrial depolarization was not due to a time-dependent inhibition of the Ca# + -release process by FCCP. In the experi- ment depicted in Figure 2(B) , the cells were treated with FCCP for 7 min before addition of the first histamine pulse, and the inhibition of Ca# + release became progressively obvious with the second and third histamine applications, which were at 14 and 21 min respectively. If cells were incubated with FCCP alone for 21 min prior to the first histamine application, the cells responded in a similar manner to those treated with FCCP for 7 min (Figure 4 ; cf. Figure 2B ). These data indicate that the decay of agonist-evoked Ca# + signalling was dependent upon stimulation of the cells, rather than prolonged incubation with FCCP.
Mitochondrial depolarization provokes a ' quantal '-type Ca 2 + -release pattern
Mitochondrial depolarization abrogated responses to both threshold and supra-maximal histamine concentrations ( Figure   Figure 4 The inhibition of Ca 2 + signalling is not dependent upon the incubation time with FCCP HeLa cells were stimulated using a similar protocol to that shown in Figure 2 (B), except that they were incubated for 21 min in 2 µM FCCP prior to the initial histamine application. Ninety percent of cells responded to the initial histamine application (n l 30). The trace shows a typical pattern of response from an individual cell.
3). However, the degree of inhibition of Ca# + release was dependent upon the histamine concentration, in that loss of responsiveness to low histamine concentrations did not prevent subsequent Ca# + mobilization by a higher histamine concentration. An example of this is depicted in Figure 5 (A), which shows a single HeLa cell that responded to 5 µM histamine after it had ceased being activated by 2.5 µM histamine in the presence of FCCP. The same pattern of response was also obtained from cells incubated with antimycin Ajoligomycin (Figure 5B) , and over the entire concentration-response range of histamineevoked Ca# + signals ( Figures 5C and 5D) .
The responses illustrated in Figure 5 are similar to the ' quantal ' pattern of Ca# + release observed from cells stimulated by agonists in Ca# + -free media ( Figure 5C ; [31, 32] ). With such ' quantal ' responses, low agonist concentrations release only a fraction of the intracellular-Ca# + pool, and application of progressively greater stimuli recruits additional amounts of the Ca# + pool until it is finally depleted. Even pulsatile application of a low agonist concentration cannot release the entire Ca# + pool [32] . Similarly, in experiments such as those shown in Figures 5(A) and 5(B) , all the cells that responded to 2.5 µM histamine also responded to 5 µM histamine. However, the amplitude of the response to the first challenge with 5 µM histamine was significantly lower than in control cells (results not shown), suggesting that 5 µM histamine mobilized a smaller Ca# + pool following the 2.5 µM histaminejFCCP applications.
The ability of cells to respond to progressively increasing histamine concentrations, as depicted in Figure 5 , indicates that FCCP did not simply prevent histamine receptor activation, and that the inhibition of Ca# + release occurred downstream of InsP $ production. To investigate the effects of FCCP at the level of InsP $ Rs themselves, we examined the response of cells to a membrane-permeant InsP $ ester that can enter cells and activate InsP $ Rs directly [24] . HeLa cells were stimulated with 2.5 µM histamine either without FCCP or after a 3 min incubation with 2 µM FCCP. Following these treatments, the cells were challenged with 100 µM InsP $ ester. None of the cells treated with FCCP (n l 20 ; Figure 6 ) responded to the InsP $ ester, whilst a substantial portion of control cells (62.5 %, n l 40 ; Figure 6 ) did respond. These data indicate that a lack of InsP $ R activity underlies the inhibition of Ca# + release following mitochondrial depolarization. Control of Ca 2 + release by mitochondria Both hormone-evoked Ca# + signalling and ∆ψ mit recovered over a similar time course following FCCP washout. Using tetramethylrhodamine ethyl ester to monitor the mitochondrial potential, we found that ∆ψ mit was re-established with a half time of approx. 5 min ( Figure 7A) . Similarly, the responses to repetitive application of 2.5 µM histamine, which were inhibited in the presence of FCCP, progressively returned within 5-10 min of FCCP removal ( Figure 7B ). The partial recovery of the tetramethylrhodamine ethyl ester signal ( Figure 7A ) probably reflects loss of dye during mitochondrial depolarization, rather than a lack of recovery of membrane potential. This was confirmed by loading cells with JC-1 after washout of FCCP, and observing fully energized mitochondria that could be redepolarized with a second application of FCCP (results not shown). 
The inhibition of Ca 2 + release following mitochondrial depolarization is not due to bulk changes in pH, store loading, ATP, cellular redox or PTP activation
We investigated the potential mechanisms that could underlie the inhibition of Ca# + release following dissipation of ∆ψ mit with FCCP or antimycin Ajoligomycin. Since FCCP is a protonophore, an obvious effect of FCCP application would be to change cytoplasmic pH (pH cyt ) which is known to modulate InsP $ -induced Ca# + release [33, 34] . Indeed, addition of 2 µM FCCP resulted in a drop in pH cyt from 7.40p0.03 to 6.86p0.05 (n l 47) within 5 min. However, such a change in pH cyt did not underlie the inhibition of Ca# + release for two reasons. First, a similar drop in pH cyt from 7.44p0.09 to 6.91p0.11 (n l 10), without altering ∆ψ mit , was produced by incubating cells with a mixture of membrane permeant weak acids and bases (see the Materials and methods section). This treatment did not affect agonist-evoked Ca# + signalling (results not shown). Secondly,
Figure 9 Mitochondrial depolarization does not substantially alter [ATP] i
The trace shows changes in Magfura-2 ratio (see the Materials and methods section) in response to 2 µM FCCP, repetitive 2.5 µM histamine doses and replacement of D-glucose with 2-deoxy-D-glucose, as shown by the bars. The trace is the averaged response for 10 cells.
antimycin Ajoligomycin, which also caused the inhibition of Ca# + release, did not detectably alter pH cyt (results not shown).
Mitochondria have been implicated as regulators of Ca# + entry [5, 35] , which is necessary for refilling InsP $ -sensitive Ca# + stores after their release. We therefore examined whether mitochondrial depolarization caused a reduction in the content of the intracellular-Ca# + pool. HeLa cells were treated with four pulses of histamine either in the presence or absence of FCCP, and the Ca# + content of the ER was subsequently assayed by the addition of 1 µM thapsigargin in Ca# + -free extracellular medium. With 2.5 µM histamine applications, the thapsigargin-induced Ca# + signal was similar in FCCP-treated and control cells ( Figure 8A ). In cells stimulated with 100 µM histamine, the control cells gave a slightly higher thapsigargin signal (peak signal of 50p10 nM ; n l 50) compared with the signal from FCCP-treated cells (peak signal of 44p13 nM ; n l 50), but this was not statistically significant (P 0.05) ( Figure 8B ). These data indicate that the loss of responsiveness to histamine following mitochondrial depolarization was not due to a reduction in Ca# + -store content.
Dissipation of ∆ψ mit with FCCP or antimycin Ajoligomycin should lead to the inhibition of mitochondrial ATP synthesis due to the lack of a proton gradient. In addition, during FCCP treatment the ATP synthase could run in the reverse direction and rapidly consume ATP. Therefore, one possible consequence of mitochondrial depolarization is reduction of intracellular ATP concentration ([ATP] i ). Since ATP is known to enhance InsP $ R activation (e.g. [33, 36] (Figure 9 ). Furthermore, prolonged incubation with FCCP did not affect basal Ca# + cyt for tens of minutes, but addition of 2-deoxy--glucose caused a slow progressive increase in basal Ca# + cyt (results not shown). It appears therefore that glycolysis, and not the mitochondrial ATP synthase, is the major source of ATP for the maintenance of Ca# + signalling in HeLa cells, and that inhibition of mitochondrial ATP synthesis did not underlie the loss of Ca# + mobilization in response to InsP $ . Another obvious factor that could underlie the inhibition of Ca# + release after mitochondrial depolarization is a change in the cellular redox state. InsP $ Rs are known to be sensitive to thiol-reactive compounds and the cellular redox status [37] [38] [39] . Oxidative activity of the cells was monitored with CM-H # DCFDA (see the Materials and methods section). CM-H # DCFDA fluorescence was monitored for 10 min prior to mitochondrial depolarization to obtain the basal rate of fluorescence change, and then for a further 10 min following FCCP or antimycin Ajoligomycin addition. As expected, control and FCCP-treated cells did not show an increase in the rate of development of CM-H # DCFDA fluorescence, indicating no change in the redox status of the cells (results not shown). Cells treated with antimycin Ajoligomycin showed an increase in CM-H # DCFDA fluorescence from basal levels (results not shown). Addition of 2.5 µM histamine did not affect the rate of fluorescence change in control cells, or cells treated with FCCP or antimycin Ajoligomycin. Since antimycin Ajoligomycin, and not FCCP, affected CM-H # DCFDA fluorescence, it is unlikely that changes in the cellular redox state could underlie the inhibition of Ca# + signalling that is observed with both these treatments.
Finally, both FCCP and the combination of antimycin Aj oligomycin may have induced opening of the PTP [40] [41] [42] [43] . However, the PTP antagonist cyclosporin A (10 µM) failed to prevent the inhibition of histamine signalling by FCCP (results not shown). Furthermore, FCCP and histamine treatment did not result in the leakage of calcein [44] from mitochondria (results not shown). These data suggest that the PTP was not involved in the inhibition of histamine-evoked Ca# + responses by FCCP.
DISCUSSION
Many studies have implicated mitochondria as important regulators of Ca# + signalling. In the present study, we observed that dissipation of ∆ψ mit inhibited repetitive stimulation of HeLa cells with a Ca# + -mobilizing hormone (Figure 2 ). Since the same effects were observed using FCCP and antimycin Ajoligomycin, which have different structures and chemical properties, it is unlikely that inhibition of Ca# + release occurred due to nonspecific effects of these agents. In addition, since the HeLa cells were capable of responding repeatedly to increasing concentrations of hormone ( Figure 5 ), these data show that the antimitochondrial agents did not simply inhibit InsP $ production, but rather affected InsP $ R opening. The abolition of responses to a membrane-permeant InsP $ ester ( Figure 6 ) also indicates that the inhibition of Ca# + release occurred downstream of InsP $ production.
An intriguing result was that the inhibition of histamineevoked Ca# + release by mitochondrial depolarization was only apparent with histamine pulses subsequent to the first application (Figures 1 and 2 ). Prolonged application of FCCP prior to stimulation with histamine did not affect the initial response (Figure 4) , precluding a time-dependent effect of mitochondrial depolarization. These data suggest that the initial response to histamine was necessary for the subsequent inhibition of InsP $ -mediated Ca# + release.
We investigated the mechanism(s) underlying the inhibition of Ca# + release following mitochondrial depolarization. The most obvious factors, including changes in pH, ATP concentration, store loading, cellular redox state or PTP activation, were examined and found not to be responsible. In the case of FCCP, for example, the modest change in pH was mimicked using a weak acidjbase mixture, and found not to affect Ca# + signalling. Although application of FCCP did alter the [ATP] i (Figure 9 ), glycolysis provided sufficient ATP to maintain the Ca# + load of the intracellular stores and for recovery of Ca# + cyt signals ( Figure  9 ). Furthermore, oligomycin on its own did not inhibit Ca# + signalling even though it would have prevented mitochondrial ATP production to the same degree as treatment with FCCP or antimycin Ajoligomycin. Although an increase in oxidative activity was observed following antimycin Ajoligomycin treatment, no such change was observed after FCCP treatment, precluding a role for changes in the cellular redox state. Finally, PTP activation was not implicated in the inhibition of histamine responsiveness, since cyclosporin A did not prevent the effect. In addition, the lack of calcein loss from mitochondria suggested that neither FCCP nor histamine activated PTP.
These data appear to discount the most obvious factors that could have mediated the inhibition of Ca# + release following dissipation of ∆ψ mit . However, it is plausible that our measurements of bulk cellular activities, such as ATP, pH and redox state etc., did not faithfully reveal the extent of changes in these factors within the subcellular microdomains where InsP $ Rs and mitochondria are in close apposition. Local changes could be exaggerated above those measured at the whole cell level, causing the InsP $ Rs in these microdomains to become inhibited. One result consistent with the notion that the inhibition of Ca# + release may have occurred due to a mechanism operating within such microdomains was the observation of ' quantal ' Ca# + release by histamine in the presence of FCCP and antimycin A j oligomycin ( Figure 5 ). Although ' quantal ' Ca# + release has been observed in several different cell systems, the mechanism underlying the partial release of Ca# + from InsP $ -sensitive Ca# + stores remains obscure (for review see [45, 46] ). However, one proposed mechanism suggests that the InsP $ -releaseable Ca# + stores vary in sensitivity to InsP $ , and that successive increments in InsP $ concentration are able to recruit additional InsP $ Rs in an all-or-none manner. Essentially, the lowest histamine concentration recruits those Ca# + stores that are most sensitive to InsP $ , and each additional increase of histamine concentration progressively discharges more of the InsP $ -releasable Ca# + pool. On the basis of this model, mitochondrial depolarization could have produced a ' quantal ' Ca# + -release pattern as in Figure 5 by altering the local environment of only those InsP $ Rs that opened to each particular histamine concentration. In such a scheme, repetitive stimulation with a low histamine concentration would fail to induce Ca# + release since those InsP $ Rs activated by the initial histamine pulse would be unresponsive and thus could not have been subsequently recruited. In contrast, as the histamine concentration was increased, additional InsP $ Rs are activated, but these also eventually become inhibited. Although such a scheme does not define how InsP $ Rs become inactivated following mitochondrial depolarization, it may explain why the inactivation of histamine-induced Ca# + release was graded with histamine concentration.
Due to the fact that mitochondria are located in close proximity to Ca# + stores, and are able to rapidly sequester Ca# + , it is not surprising that they regulate agonist-induced Ca# + signals. However, the observed effect of mitochondrial activity on Ca# + signalling seems to vary between cell types. Studies using hepatocytes and astrocytes have reported potentiation of Ca# + signals after collapse of ∆ψ mit , with one likely explanation given as the removal of a Ca# + buffer [9, 10] . In the present study, we conversely found that mitochondrial depolarization inhibited repetitive agonist stimulation in HeLa cells (Figure 2) . A similar inhibitory effect has previously been described in studies using oligodendrocytes and smooth muscle cells [7, 11] , although no extensive attempts were made to investigate the mechanisms underlying this effect. In smooth muscle, for example, it was found that collapse of ∆ψ mit using antimycin Ajoligomycin inhibited responses evoked by repetitive photorelease of InsP $ , also illustrating that the inhibition of InsP $ -mediated Ca# + release occurs downstream of InsP $ production [7] . In their investigations of smooth muscle, McCarron and Muir [7] suggested that elevated Ca# + cyt might be responsible for inhibition of InsP $ -evoked Ca# + signals following mitochondrial depolarization. However, we did not observe any prolonged Ca# + cyt changes following mitochondrial depolarization. Furthermore, following a response to histamine the Ca# + cyt recovered back to basal values. Since our imaging system is capable of detecting small changes in Ca# + cyt , we feel it is unlikely that mitochondrial depolarization had any effect on the resting global Ca# + cyt . The only other possibility is that local Ca# + gradients resulted from InsP $ R activation following mitochondrial depolarization. Such gradients should rapidly dissipate within the cytoplasm. We therefore feel that the inhibition of InsP $ responsiveness is unlikely to be due to Ca# + -dependent InsP $ R inactivation. In summary, we found that mitochondrial depolarization inhibits InsP $ -induced Ca# + signalling in HeLa cells. The mechanism underlying this effect remains obscure, since our data suggested that none of the most obvious mechanisms were responsible. However, we cannot rule out that severe changes to pH, ATP or oxidative activity etc., occurred within the microdomains where InsP $ Rs and mitochondria are in close apposition. A loss of local ATP production, for example, was suggested to underlie the reduction in InsP $ -mediated Ca# + release in BHK-21 cells [8] . The physiological significance of inhibiting Ca# + release following dissipation of ∆ψ mit is unclear. One possibility is that it may be a protective mechanism to prevent the activation of Ca# + -dependent processes, for example apoptosis, when mitochondrial respiration is compromised.
